care within a specified area, 5 although illicit drug userelated inpatient hospital care appears notable where illicit drug use is highly prevalent and more so where many DU are infected with HIV.
In the present study we estimated the proportion of all delivered inpatient hospital care in the city of Amsterdam attributable to DU over 3 years. The aims of the study were to estimate the total clinical burden in terms of hospitalizations and days of hospitalization generated by (injecting) DU, to discern the contribution of HIV infection to this burden and assess the presence of a trend in this contribution over time, and to investigate the underlying pattern of morbidity.
METHODS
In 1991, the mid-year of the study period (1990) (1991) (1992) , Amsterdam had approximately 700 000 inhabitants. By means of a quarterly capture-recapture technique the 1989 DU population has been estimated at approximately 5800 people, 6 ' 7 about half of whom can be considered injecting drug users (IDU), i.e. DU who ever injected drugs. We will assume that this 1989 estimate applies to the study period as well. In 1991, an estimated 900 IDU were infected with HIV-1. 8 Since the HIV prevalence among heterosexual non-IDU in a cohort study in Amsterdam was <1%, 9 we will further assume the number of HIV-positive heterosexual non-IDU in the population to be negligible. The estimated overall HIV prevalence in the DU population would thus be approximately 15%.
Data on hospital admissions concerning DU in
Amsterdam are recorded through the Hospital Project. This project was established in 1973 at the Department of Mental Health of the Municipal Health Service to coordinate medical and social support for DU being hospitalized in Amsterdam. In brief, when a (usually opiate-dependent) drug user is admitted to a hospital for inpatient care, the staff of the Hospital Project are informed by either hospital personnel or the patient himself. A Hospital Project case-manager then visits the patient in the hospital or attempts to contact the patient by telephone. He mediates in the provision of methadone and other pharmaceuticals in case of (potential) withdrawal symptoms, coordinates medical and social care, and records descriptive data. 10 The completeness of recorded admissions is checked and augmented annually by inspection of lists of ambulance rides in the Amsterdam region for patients having been transported to hospital with an apparent overdose. Enquiry at the hospitals concerned then shows if these rides resulted in any additional admissions and, if so, additional data are collected. Female DU at childbirth are generally exempt from these recording procedures since they are dealt with by a separate coordinating bureau; most admissions due to childbirth are therefore not included. We estimate that overall between 80 and 90% of hospital admissions concerning DU in Amsterdam are being recorded by the Hospital Project's surveillance system. Babies born to addicted mothers are not considered DU here and therefore are beyond the scope of this study.
For the years 1990-1992 epidemiological data on sociodemography, HIV serostatus, injecting drug use, dates of admission and discharge and service involved were collected for every recorded admission. In addition, a copy of the discharge letter was requested from the main treating specialist. Standard discharge diagnosis codes were derived from these letters, according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), as well as additional information on HIV serology and date of AIDS diagnosis, PCP prophylaxis, tuberculosis prophylaxis and use of zidovudine. The Centres for Disease Control 1987 criteria" were used to define AIDS.
Without exception, the eight general and two university hospitals (totalling 4555 beds) which were in operation in the city during the study period cooperated with the Hospital Project. These hospitals also provided data without personal identifiers (history of drug use not included) on all hospital discharges to SIG Health Care Information (SIG Zorginformatie). We used these data to derive annual population totals for Amsterdam residents of days of hospitalization spent in Amsterdam hospitals, according to gender and categories of age. Based on these totals we calculated the relative contribution of DU to the total burden of inpatient hospital care in terms of days of hospitalization. Since several participating hospitals serve as referral centres for patients from outside the city with presumably fewer DU among them, this part of the analysis was limited to Amsterdam residents, DU without residence and DU with residence unknown. The DU without residence and DU with residence unknown were included because they can be considered to make up an integral and rather permanent fraction of the city's population.
Every (partial) day spent in hospital was counted as 1 day of hospitalization, except when admission occurred between 8 and 12 p.m., in which case the day of admission was not counted. Data on annual number of days of hospitalization for specific hospitals were obtained from a publication by the Amsterdam Bureau of Statistics. 12 The costs of hospitalization were calculated on the basis of daily rates determined by the National Health Tariffs Authority (Centraal Orgaan Tarieven Gezondheidszorg). These rates varied over time and between hospitals and ranged from US$ 165 to US$ 611 per day (at the 1991 average exchange rate). As they are based on charges, which in turn are based on the bulk of prevailing hospital costs, including room and board, physician services, laboratory tests, pharmaceuticals and overheads, these rates can be considered only a crude approximation of the true resource costs.
Data analysis was performed using the SPSS/PC+ software package. 13 A P-value < 0.05 was considered statistically significant.
RESULTS
Over the total 3-year period 842 DU were hospitalized in Amsterdam, on average 1.54 times (range 1-16) per person for a total of 1293 admissions ( (17) 54 (4) 441 (34) 1 Analysis of variance test for linear trend: P = 0.008.
(range 1-154), while the total number of days of hospitalization was 20 442. This is equivalent to 56 years of hospitalization or an average of 18.7 occupied hospital beds during the study period. Assuming that the number of DU in the city remained constant at 5800 over the study period, there was no significant increase in the annual proportion of DU being hospitalized (P = 0.23 X 2 -test for trend), nor in the annual mean number of hospitalizations per hospitalized person. Although the annual number of days of hospitalization remained constant, the corresponding annual costs rose from US$ 2.8 million in 1990 to USS 3.3 million in 1992, due to increasing hospital charges.
Mean age at discharge was 33.2 years (range 16-62) and increased significantly over time; 65% of admissions were males and at least 30% of people were of foreign nationality (5% unknown). Although the vast majority of admissions were residents of Amsterdam, 8% were nonresidents and 4% DU without residence or with residence unknown. Given that 70% of admissions were DU with a history of drug injection and that for 15% of admissions this information was unknown, between 70% and 85% of hospitalizations were attributable to IDU. Of all admissions, 45% were HIV seropositive patients (1% unconfirmed) and 21% HIV negative (4% unconfirmed). For 34% serostatus was unknown (Table 1) .
Relative Contribution of Drug Users to the Total Number of Days of Hospitalization
The proportions of total in-hospital days in Amsterdam hospitals attributable to (injecting) drug users according to gender and age are presented in Table 2 . To adjust for the fact that several Amsterdam hospitals serve as referral centres for patients from outside the city, the latter were excluded for this part of the analysis. The impact of DU on inpatient hospital care in Amsterdam hospitals is more serious in terms of days of hospitalization than in terms of numbers of hospitalizations per se, due to a longer mean length of stay in hospital per hospitalization for DU than for the general population (16.0 versus 11.4 days respectively). Drug userassociated hospitalization is concentrated among males and within the 20-44 year age range (Table 2 ). In the 30-34 year age group, as much as 7.6% of the days of hospitalization for men and 2.8% for women can be attributed to DU, while for hospitalizations per se these percentages are 4.2 and 1.2 respectively. Since few DU in Amsterdam are below 20 or over 60 years of age, the contribution of DU to the total demand of hospital care for all ages decreases to 1.2% for males and 0.4% for females, or 0.8% for both sexes combined, in terms of days of hospitalization.
Within the 20-44 year age group, the fraction of days of hospitalization attributable to DU was 5.1% and 1.8% for males and females respectively. Assuming that 90% of the estimated 5800 DU in the city are in this age group and that between one-third and a quarter are female, roughly 2.1% of the males and 0.9% of the females in this age range are DU. Thus, the fraction of days of hospitalization attributable to DU is about twice as high as what might be expected from their numbers. If non-residents of Amsterdam are included, and the total burden of days of hospitalization in Amsterdam hospitals during the study period is taken as starting point, 0.6% would be attributable to DU. Large differences between separate hospitals exist: a single hospital accounted for 46% of all days of hospitalization of DU in the city, making the contribution of DU to the total number of days of hospitalization for that specific hospital 1.8%. For two others the DU-attributable hospitalizations were between 0.5% and 1.0%, while in the other seven hospitals they accounted for below 0.5% (data not shown).
Hospitalizations According to HIV Serostatus
Total numbers of days of hospitalization according to serostatus and AIDS diagnosis are shown in Table 3 . Of all hospitalized DU, 85 were diagnosed with AIDS during or preceding their last recorded hospitalization. These AIDS patients were hospitalized for an average duration of 54 days (range 2-223), during 2.6 periods of hospitalization and accounted for a total of 220 hospitalizations. Although they only accounted for 10% of the total group, they contributed 17% of all recorded hospitalizations and 23% of total number of days of hospitalization (excluding hospitalizations of the same people which preceded their AIDS diagnosis). It should be noted that since observation was limited to 3 calendar years, complete observation of all these AIDS patients until death would have resulted in a higher mean number of days per patient. The AIDS patients also accounted for a large fraction (44%) of all deaths among DU occurring during hospitalization.
For 34% of admissions and 24% of days of hospitalization the patient's serostatus was unknown. Since theoretically between none and all of these hospitalization days may concern HIV-infected DU, between 53% and 77% of all days of hospitalization are attributable to HIV-infected DU. Likewise, and given the estimated total number of 900 HIV-infected DU in the city, the hospitalization rate per 100 person-years for HIV-infected DU would be between 21 and 38 admissions (a minimum of 580 and maximum of 1021 hospitalizations recorded during 3 years of follow-up of 900 HIV-positive DU) and for the approximately 4900 non HIV-infected DU between 1.9 and 4.9 admissions (a minimum of 272 and maximum of 713 hospitalizations recorded during 3 years of follow-up of 4900 HIVpositive DU). At the same time, according to data from SIG Health Care Information, the hospitalization rate for the general population of Amsterdam residents in the 20-44 years of age range was 4.4 and 9.1 admissions for males and females respectively, which appears higher than the 1.9-4.9 admissions range found for non HIVinfected DU. Thus, non HIV-infected DU might have a lower hospitalization rate than the population in general.
Most admissions (58%) were to the Department of Internal Medicine (special AIDS departments included), particularly for AIDS-free HIV positives (73%) and AIDS patients (88%). Only 12% of admissions for patients with AIDS were to a special AIDS department (data not shown). 
Primary Discharge Diagnoses
Discharge letters were received for 72% of all admissions. Response rates were significantly related to calendar year (due to limited research resources in 1991, the response rate for that year was only 56%), specific hospital, hospital department and HIV serostatus (all P < 0.001 by x 2 -test) and increased with length of hospitalization (P = 0.02, Spearman correlation test).
A large fraction of all known primary diagnoses are 'typical' for DU in the sense that they are related to unhygienic/unsterile injection practices and to physical neglect (Table 4A for males; 4B for females). Bacterial pneumonia, skin diseases (commonly skin abscesses), overdose, endocarditis and liver disease/hepatitis together accounted for 42% of all known primary diagnoses. Forty-two (30%) of the 142 recorded cases of bacterial pneumonia among both sexes concerned pneumococcal infections. Primary diagnoses which appear to be relatively more common among female DU are skin diseases, endocarditis, urogenital disorders and (obviously) pregnancy-related diagnoses, while trauma, gastrointestinal diseases, neoplasms and tuberculosis appear more common among male DU.
DISCUSSION
We found HIV-infected DU to be clearly overrepresented among hospitalized DU, which is in line with a previous study.
14 While roughly 15% of the DU population was HIV-infected a large part of the hospital care in our patient population was HIV-related. Overall 53-77% of days of hospitalization of DU were for HIVinfected DU and at least 23% for DU with AIDS. Therefore, although presumably IDU form only half of the total DU population in Amsterdam, they contributed 70-85% of hospital admissions attributable to DU. Thus, high hospitalization rates are characteristic for IDU, in particular for HIV-infected IDU. In contrast, non HIV-infected DU (principally non-IDU) appear to have fewer admissions than the general population within the same age group. This may be partly due to the fact that hospitalizations of HIV-infected people (gay, IDU, and other) are included in the general population data, increasing the population average. At the same time the underreporting of hospitalizations of DU may decrease the non HIV-infected DU average.
During the study period, DU occupied an average of 19 hospital beds in the city, corresponding to an annual cost of approximately US$ 3.1 million. With less than 1% of the total number of days of hospitalization in Amsterdam, DU do not contribute heavily to total inpatient expenditure, although among males, aged 20-44 years, at certain hospital departments (internal medicine) and in specific hospitals the relative contribution of DU can be much higher. It should be noted that within the 20-44 year age category, the substantial 5% share of male DU we found is actually attenuated by the large number of hospitalized homosexual men with HIV disease in the same age category in the city. With regard to AIDS cases, gay men far outnumber DU in Amsterdam. 15 Some of the admissions among DU can be expected to be independent of illicit drug use behaviour, e.g. admissions due to pregnancy or other medical events that occur in the general population as well. Moreover, illicit DU in our population tend to be heavy tobacco smokers and many are alcoholics or carriers of other risk factors for morbidity. This increases their risk of being hospitalized for reasons relatively independent of illicit drug use. The proportion of inpatient hospital care attributable to those who use illicit drugs will therefore be higher than the proportion attributable to the practice of using illicit drugs. On the other hand, since recording of hospitalizations of DU through the Hospital Project is not complete, some of our figures should be viewed as lower bound estimates. A known source of underreporting are days of hospitalization related to childbirth, which are generally not recorded but can be estimated at approximately 200 per year (±50 deliveries). Due to this, total days of hospitalization would be underestimated 9% for female DU or 3% for all DU. We believe that overall between 10% and 20% of hospitalizations of DU are not reported. However, it is likely that in particular, short periods of hospitalization are being missed and that therefore the level of underestimation in terms of days of hospitalization might be lower. However, even if as many as one-third of days of hospitalization of DU remained unreported (which seems implausible), the contribution of DU to the overall demand for inpatient hospital care by Amsterdam residents would be less than 1.2% and can be considered relatively minor on the total scale of inpatient hospital expenditure.
Over the 3-year study period, a significant increase was apparent neither in the proportion of DU being hospitalized, nor in the total number of days of hospitalization. This is in accordance with earlier reports on the HIV epidemic among IDU in Amsterdam, indicating a stabilization and subsequent decline in HIV prevalence in the late 1980s and early 1990s 1617 and a relatively mature epidemic in terms of mean infection duration for HIV-infected IDU by that time. 18 Moreover, since 1991 the annual number of AIDS cases among IDU reported from the city has stabilized as well, at just above 30 cases per year (unpublished data, AIDS Surveillance Amsterdam).
Despite a relatively high proportion of DU being uninsured (21% in 1991) 19 and a tendency among DU towards self-discharge, the average length of stay per admission for DU was much longer than for the general population in the city. Others have found a comparable difference on an intensive care unit in a US hospital and suggested that substance abusers have more advanced disease when admitted to hospital or have chronic underlying multisystem illness, resulting in higher costs. 5 In our study, some of the difference may be due to the complications of HIV disease, although part of the difference may be also due to underreporting of admissions with short lengths of stay.
The rising mean age at hospital admission, 1.3 years over a 2-year period, is in agreement with reports from the Drug Department of the Municipal Health Service. This agency, responsible for dispensing methadone to the majority of the DU population in the city, has been signalling a continuously rising mean age among their clientele since the early 1980s. 10 ' 20 This increase is supposedly due to a limited influx of new young drug dependents into the DU population.
Given the inability of most drug users to quit, 21 ' 22 the question arises in which way hospitalizations can be prevented among this population at a primary level. Some 30% of bacterial pneumonia cases are due to pneumococcal infections, which are partly preventable by immunization. 23 In 1994 systematic immunization against pneumococcal infections of HIV-positive and selected HIV-negative DU was initiated for participants of a cohort study in Amsterdam. 24 At the same time, influenza vaccination free of charge for HIV-positive DU was made available to DU receiving methadone through the Municipal Health Service. Compliance of DU to both immunization programmes so far has been quite good; meanwhile the programmes await further evaluation.
Skin abscesses, other skin diseases and diseases such as endocarditis and hepatitis may be preventable to a large extent by using sterile injecting equipment and employing more hygienic drug injection practices, particularly by disinfecting the injection site previous to injecting. 25 A large scale syringe exchange programme has been in operation since 1984, while on a limited scale pre-injection swabs have been promoted and distributed free among IDU in Amsterdam since 1994. 26 In addition, free hepatitis B vaccination for IDU is being considered at present and may be introduced in the near future. All these measures combined may result in some decrease in morbidity rates among DU, leading to fewer hospitalizations, although an ensuing decline in inpatient hospital expenditure will be marginal at most.
